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Abstract: The bottom fraction of the latex from the Brazilian rubber tree (Hevea brasiliensis), specifically the biological
membranes that includes lutoids and the Frey-Wyssling complex, may undergo changes in its membrane lipids and
membrane proteins. The changes could affect the coagulation rate of the latex during the tapping process and the speed
of blockage of the incision of the latex vessels, thereby preventing the flow of latex and reducing yield. Two types of
rubber trees with rapid and normal coagulation rates of latex were selected. Liquid chromatography-mass spectrometry
technology (with both positive and negative ion detection modes) was used to qualitatively and quantitatively analyze
the lipids in the bottom fraction of the two types of latex, obtaining information on differential lipids. In the bottom
fraction of the latex from trees with normal coagulation rates, phosphatidylethanolamine was the most abundant phos-
pholipid subclass (accounting for about 22% of total lipids in negative ion mode and about 5.9% in positive ion mode);
it was greater than phosphatidylcholine (about 12% in positive ion mode and about 4% in negative ion mode); phos-
phatidic acid had a high abundance (about 4% in positive ion mode and about 12% in negative ion mode), comparable to
phosphatidylcholine; cardiolipin was abundant in the bottom fraction (about 6% in negative ion mode) and may be pre-
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sent in the Frey-Wyssling complex. In the rubber trees prone to rapid coagulation, cardiolipin in the bottom fraction
significantly decreased to about 3.4% in negative ion mode. The phospholipids in the bottom fraction accounted for
31%-56%, neutral lipids 35%—-54%, and glycolipids only 1%-2%. The bottom fraction contained a high abundance and
quantity of non-bilayer phospholipids, namely phosphatidylethanolamine, phosphatidic acid, and cardiolipin, showing a
highly dynamic nature of the latex bottom fraction. The significant downregulation of cardiolipin in the latex prone to
rapid coagulation may affect the stability of the bottom fraction, thereby affecting latex coagulation, laticifer blockage,
and latex flow. The discovery of high abundant non-bilayer phospholipids in bottom fraction in this study introduces a

new perspective into the research of latex coagulation and laticifer blockage mechanisms.
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Sigma-Aldrich 23 ) ( St. Louis, MO, USA ) =i,
12 Ak

12,1 BSURI RS H AR & RERILAT, 15



%128

AR 4245 - T PYARE P T 2LV 1 2 v 52 Wi Je 2L 11 14 i i s 5 53 A 2711
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Fig. 1 Orthogonal Partial Least Squares Discriminant
Analysis (OPLS-DA) of control group and
prone-to-coagulation group
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A: The number of lipids identified in positive and negative ion modes; B: Distribution of differential lipids in 8 lipid classes; C: Lipid mass
abundance distribution in positive ion mode; D: Lipid mass abundance distribution in anion mode.

Different lowercase letters indicate significant difference (P<0.05).
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Fig. 2 Lipid counts and abundances of lipids in latex bottom fraction

®1 HEBETIRERNEFESHE

Tab. 1 Abundances and lipid counts of glycerophospholipid subclasses
IEE 7453 Positive ion mode 18 FAEL Negative ion mode
, Gy EERE , Gy F
S 1 i3 " X HR o3 %
Jig ot ! #EFE.Z Abundance in P1{E B ! Hﬂif,ﬁ; Abundance in P {E B
. Abundance in . . Abundance in . .
Lipid o, prone-to-coagulation P value Quantity o, Drone-to-coagulation sam- P value Quantity
control sample/% A control sample/% o
sample/% ple /%

PC 11.26+3.59" 13.72+2.97* 2.7E-01 82 4.01+0.40¢ 4.16+0.40° 5.8E-01 87
PE 5.88+0.69° 5.99+0.72° 8.1E-01 102 21.84+2.86° 22.50+3.02° 7.3E-01 148
PA 4.27+0.64* 4.08+0.90° 7.1E-01 102 12.45+1.58° 12.41+£3.14° 9.8E-01 73
PI 3.30+0.31% 3.32+0.37% 9.2E-01 84 2.08+0.51° 2.99+0.94° 9.5E-02 54
PG 2.52+0.22¢ 2.64+0.26°% 4.5E-01 83 3.92+0.65¢ 4.64+2.56° 5.6E-01 97
CL 2.26+0.74¢ 2.28+0.83% 9.7E-01 71 6.02+1.07° 3.42+0.63° 1.6E-03" 61
PS 1.59+0.05% 1.63+0.10° 4.8E-01 82 3.17+0.31¢% 3.50+0.58° 2.9E-01 135
PT 0.06+0.01° 0.03+0.01° 2.9E-03" 2 0.00+0.00° 0.01x0.00° 6.1E-01 1

TE: CLOALBENE: PA NTHMBRHIGRR; PC NGB ; PE ABEIRME ZAEMe; PG NBEIREET I PI v BRISBENLES; PS b
BERRBE 22 2R PT Wk BE 9k 00 ZUR o A [B] /NG 2 8 36 7R [F] — B AR 22 53 88 35 ( P<0.05 ); ™" 3278 o B N 5 B 1) 2 534 i 3 P<0.01 ),
Note: CL is cardiolipin; PA is phosphatidic acid; PC is phosphatidyl choline; PE is phosphatidyl ethanolamine; PG isphosphatidyl glyc-
erol; PI is phosphatidyl inositol; PS is phosphatidyl serine; and PT is phosphatidyl threonine. Different lowercase letters indicate significant
difference in the same sample (P<0.05); " indicates very significant difference between control and prone-to-coagulation sample (P<0.01).
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Tab. 2 Abundance of neutral lipids

(5N Xof BEAE T A F B2 G BERE B 2 P1H

Mode Abundance in control sample/% Abundance in prone-to-coagulation sample/% P value
IEE TR 54.0843.11 51.97+2.01 0.24
R TR 35.37+3.76 35.38+4.27 1.00

®3 E. ABTFRUEXTAMEFMERESOMEREEEZLT

Tab. 3 Abundance ratio of unsaturated fatty chains to saturated fatty chains in positive and negative ion modes

[E%R, AL/ F Unsaturated/saturated B Quantity

Mode Xt BR#E Control sample 5 #4f Prone-to-coagulation sample P {H P-value AfflFl4% Unsaturated 1ff1%E Saturated
IEB TR 2.93+0.06 2.810.07 2.0E-02° 1608 1574
R T 4.87+0.41 5.27+0.42 1.7E-01 1221 1091

SRR EFEE (P<0.05),
Note: " indicates significant difference (P<0.05).

R4 BRRERNMAMEEMHESEMEHEFEZLL

Tab. 4 Abundance ratio of unsaturated fatty chains to saturated fatty chains in major lipid classes

IEE T3 Positive ion mode 1B T Negative ion mode

I8 \ , \ 5 ,
R X HEHE FRERE P Xt B SRRy Hoi
p1 Prone-to-coagulat . Prone-to-coagulatio .

Control sample . P value Quantity Control sample P value Quantity
ion sample n sample

ERGLEES 2.25+0.05° 2.25+0.10° 1.0E+00 1322 21.69+1.13° 20.86+2.46° 5.1E-01 614
BliiEES 1.41+0.12° 1.3840.13° 7.3E-01 68 28.06+6.95° 16.99+3.36" 1.3E-02" 18
Hil#iiE2E  1.03+0.02° 1.00£0.03¢ 4.8E-02" 1194 1.24+0.05° 1.34+0.04° 6.0E-03" 1363
i s 0.20+0.02¢ 0.20+0.02¢ 7.7E-01 108 958.93+184.92°  756.72+203.13° 1.4E-01 12
HHNg 0.07+0.01° 0.06+0.01° 1.8E-03" 415 0.25+0.03° 0.26+0.06" 8.4E-01 258

T ARNGFRFRF A ZREH (P<0.05) 5 17 FoR 3 MEREHI 5 BEAE ) 22 57 W Ik 3% (P<0.05, P<0.01) .
Note: Different lowercase letters indicate significant difference in the same sample (P<0.05); “and " indicate significant and ex-
tremely significant difference between control and prone-to-coagulation sample (P<0.05, P<0.01).

®5 HmMBETXNABMERESOMEREEEZLL

Tab. 5 Abundance ratio of the of unsaturated fatty chains to saturated fatty chains in glycerophospholipid subclasses

IEB P Positive ion mode 113 F 3 Negative ion mode

=350 w1 w1

SR e i P K X B AR P fif i
P Control sample Prone-to-coagulation P value  Quantity Control sample Prone-to-coagulation P value Quantity

sample sample

PI 2.07+0.13° 2.04+0.21° 8.1E-01 149 1.32+0.07° 1.1940.06¢ 1.4E-02" 108
PE 1.86+0.09" 1.79£0.07° 2.0E-01 159 2.20+0.13* 2.33£0.17° 2.0E-01 283
PC 1.11£0.16° 1.15£0.10° 6.3E-01 132 1.60+0.23" 1.48+0.20° 4.2E-01 144
PT 1.03£0.02° 1.05+0.04° 1.7E-01 4 - - - -
PG 1.01+0.08° 0.90+0.09¢ 7.0E-02 133 0.72+0.02¢ 0.83+0.28¢ 4.1E-01 183
PA 0.820.02° 0.80+0.02¢ 1.9E-01 176 1.56+0.13° 1.50+£0.10° 3.8E-01 134
PS 0.81+0.09¢ 0.83+0.09¢ 7.6E-01 151 0.30+0.09" 0.23+0.06" 1.7E-01 262
CL 0.33+0.12¢ 0.21+0.07¢ 8.9E-02 284 0.56+0.05° 0.62+0.07¢ 1.4E-01 243

E: RRNEFRFRE AL RE (P<0.05) ; RN IBHMGEHE 25T BE (P<0.05) ; -FRKAN.
Note: Different lowercase letters indicate significant difference in the same sample (P<0.05); " indicates significant difference between
control and prone-to-coagulation sample (P<0.05); — indicates it was not detected.

A, HHIKH S CL FERE R, XS EBREPFEE>0.1%M IS PHMZERERY 13 0MES)

SRR 73 19 B 284 ke A i 3 Pk R4 BEREA T, 24 L. BRI 2 NN
25 ERERHEERR CL, HfERm NS 1, fEX RS

6 NEBREIE RIS R £ REH =2,  THEUF RN 1.68%, 76 FF A 2% Se b
FLIE 68 TR T 4 0550.10% ), (HIRFESLS)  Sis.
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Tab. 6 Most abundant differential lipids

g, HAERX 2 MR R R . PG EIEES T
B B, 7E U ARG R B, EA
RE. PUEIE ., T AU B3 Bk, H
L BIRR BAS R D

Sy BERE Y A2

S, . ;[!»E\ = ( R ks
5 fg J5 45 Bk s x #EPEJ#E Abundance in P {H
. Abundance in . log,FC
No. Lipid Category o, prone-to-coagulation P-value
control sample/%
sample/%
1 CL(1'-[16:0/18:0],3'-[18:0/18:2(9Z,12Z)]) Huw s 1.62+0.36 0.22+0.14 —2.80 3.3E-04™"
2 CL(1'-[18:0/18:1(92)],3'-[18:0/20:4(5Z,8Z,11Z,14Z)]) gk 0.64+0.21 0.10+0.08 —2.61 4.0E-03"
3 lalpha-fluoro-25-hydroxy-16,17,23,23,24,24-hexadehydro  [# RS 0.34+0.03 0.16+0.09 ~1.00 1.0E-02"
vitamin D3
4 CL(1'-[16:0/18:0],3'-[16:0/18:2(9Z,12Z)]) gk 0.26+0.10 0.09+0.06 -1.43 2.3E-02°
5 DAT(16:0/24:0(2Me[S],4Me[S])) WENEZS 0.23+0.04 0.09+0.03 -1.22 7.3E-04"
6 CL(1'-[18:0/18:2(9Z,122)],3'-[18:1(9Z)/20:4(5Z,8Z,11Z,1 Hih#lg  0.18+0.04 0.08+0.01 -1.08 2.7E-03""
42))
7 PG(18:2(9Z,12Z)/20:0) HmwElE  0.17£0.10 0.42+0.18 1.36 2.4E-02°
8 PC(O-18:2(9Z,12Z)/2:0) Hil#lE  0.17£0.06 0.08+0.02 -1.06 2.7E-02°
9 PE(0-18:0/17:2(9Z,12Z)) Fmmss  0.17£0.06 0.05+0.04 -1.68 7.9E-03"
10 TG(13:0/14:1(92)/14:1(9Z))[is03] RS 0.16+0.04 0.32+0.09 1.13  1.3E-02°
11 CerP(d18:1/26:0) L) iEES 0.16+0.06 0.08+0.05 ~-1.02 4.8E-02"
12 CerP(d18:1/22:0) HHNg 0.15+0.04 0.06+0.03 122 2.2E-03"
13 methyl 5R,6R-epoxy-7-eicosynoate il 0.13+£0.01 0.06+0.01 ~-1.00 1.3E-04""
14 1-O-hexadecyl-2-O-tetradecanoyl-3-O-beta-D-(3'-sulfo)-  HEfEIE 0.12+0.02 0.04+0.01 —~1.41 9.3E-04""
galactopyranosyl-sn-glycerol
15 GlcAbeta-Cer(d18:1/18:0) LEY RS 0.10+0.04 0.05+0.01 -1.10 3.8E-02"

F: TRREREFE (P<0.05) , "EREFWEFE (P<0.01), "ERZEFWILEFE (P<0.001),

Note: * means significant difference (P<0.05),”" means very significant difference (P<0.01),

001).

Hkx
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Tab. 7 Abundance and lipid count of differential glycerophospholipid subclasses

means extremely significant difference (P<0.

TE B T Positive ion mode

17 T 4220 Negative ion mode

CL
PA
PT
PG
PE
PC
PS
PI

P<0.

fepE X RRAEEE 5y BERE P (i Bt Xt R 2 Ty G P (i B
Lipid Abundance in Abundance in sample P_value Quantit Abundance in con-  Abundance in sample P_value Quantit
control sample/% prone-to-coagulation/% Y trol sample/% prone-to-coagulation/% Y
0.21+0.04° 0.10+0.02° 2.9E-04™" 10 2.73£0.66" 0.46+0.26" 9.6E-05""" 13
0.07+0.02° 0.10+0.01° 1.4E-02" 5 2.4E-03+7.3E-04° 1.6E-03+1.7E-04¢ 3.4E-02° 4
0.06+0.01% 0.03+0.01° 2.2E-03" 1
0.05+0.01 0.11+0.03° 3.0E-03" 7 0.27+0.10% 0.47+0.18" 6.0E-02 17
0.03+0.01% 0.04+0.01% 2.1E-01 7 0.49+0.11° 0.27+0.08" 8.2E-03" 27
0.02+0.02% 0.05+0.02° 4.5E-02" 3 0.22+0.08" 0.10+0.03% 1.2E-02" 8
0.02+0.01¢" 0.03+0.01°¢ 6.7E-03" 8 0.06+0.01¢ 0.07+0.02¢ 3.6E-01 16
8.2E-04+7.7E-04' 2.9E-03+1.4E-03¢  1.9E-02 3 0.14+0.04¢ 0.39+0.16® 1.1E-02" 6
F: RR/NG FREFORF—REAR N 225 B35 (P<0.05); 7.7 "R X BREFN 5 BEREIR] 22 5 8 3% | AR 38 bk L 5.5 ( P<0.05, P<0.01,
001) .
Note: Different lowercase letters indicate significant differences of lipid categories in the same sample (P<0.05); *, ™", ™" indicates

significant, very significant, and extremely significant differences between control and prone-to-coagulation sample (P<0.05, P<0.01,

P<0.

001).
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